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Abstract 
The Peste des Petits Ruminants virus (PPRV) strain Nig. 75/1, obtained 
from the Central Veterinary Research Laboratories Center (Soba), was used to 
test growth of PPRV in embryonated hen′s egg and to study the effect of 
different temperature degrees (35°C, 37°C and 39°C) on the growth of Peste des 
Petits Ruminants on African green monkey kidney cells (Vero). The positive 
results for PPR growth on embryonated chicken eggs and cell culture were 
confirmed by use of agar gel immune diffusion test and immunoperoxidase 
staining technique. The embryonated chicken eggs were inoculated by four 
different routes (allantoically, amniotically, chorioallantoic membrane and yolk 
sac). The PPRV was passage twice in embryonated chicken eggs (passage one 
and passage two). The virus grew on embryonated chicken eggs when 
inoculated by the four different routes but without any lesions in embryos and 
chorioallantoic membranes in the two passages, then the growth of the virus 
was detected by agar gel immune diffusion test. In passage one, allantoic fluid 
gave negative results in agar gel immune diffusion test when inoculated by 
allantoic routes. In passage one and passage two, inoculation by amniotic and 
allantoic routes showed that the virus grew in amniotic and allantoic fluids but 
not in yolk. In passage one and passage two, inoculation by chorioallantoic 
membrane route showed that the virus grew in amniotic and allantoic fluids and 
yolk. In passage one and passage two, inoculation by yolk sac route showed that 
the virus grew in yolk, which became pale and lost its constitution. The 
amniotic and allantoic fluids gave inaccurate results in agar gel immune 
diffusion test. In passage one and passage two, the embryos homogenate gave 
positive results to agar gel immune diffusion test when inoculated by the four 
different routes. The PPRV which was used in this study was passage in cell 
culture twice; the PPR vaccine used also was passage twice. Nine tissue culture 
tubes containing semiconfluent Vero cells were inoculated with 0.2 ml virus 
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stock containing 106.62 CCID50 /ml and incubated in 35°C, 37°C and 39°C; three 
tissue culture tubes for each temperature degree were used.  The tissue culture 
tubes were incubated for 48 hrs, 72 hrs and 96 hrs, using three tissue culture 
tubes for each incubation time interval. After incubation periods the tissue 
culture tubes were harvested and titrated. At 35°C, the titers were 102.5, 104.27 
and 105 in 48, 72 and 96 hours post inoculation, respectively.  At 37°C, the 
titers were 103.5, 105and 105.55 in 48, 72 and 96 hours post inoculation 
respectively, while cultivation of the virus at 39°C for 48 hrs gave titer 101.8 
CCID50/ml, but there was no viral growth detected when the virus was 
cultivated for 72 and 96 hrs. The highest titer was at 37°C after 96 hours 
incubation (105.5CCID 50 /ml), while the lowest titer was at 39°C after 48 hrs 
(101.8 CCID50/ ml). The results suggested that the best route to propagate the 
PPR virus in embryonated hen′s egg is the amniotica or allantoic cavities and 
the best temperature degree to propagate the PPR virus is 37°C.  
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 اﻟﻤﺴﺘﺨﻠﺺ
ﺗﻢ اﻟﺤﺼﻮل ﻋﻠﻲ ﻟﻘﺎح ﻃﺎﻋﻮن اﻟﻤﺠﺘﺮات اﻟﺼﻐﻴﺮة ﻣﻦ ﻣﺮآﺰ اﻟﻤﻌﺎﻣﻞ واﻟﺒﺤﻮث اﻟﺒﻴﻄﺮﻳﺔ اﻟﻤﺮآﺰﻳﻪ 
 اﻟﻔﻴﺮوس ﻋﻠﻲ ﺑﻴﺾ اﻟﺪﺟﺎج اﻟﻤﺨﺼﺐ وآﺬﻟﻚ ﻟﺪراﺳﺔ و اﺳﺘﺨﺪم ﻟﺘﺤﺪﻳﺪ اﻧﺴﺐ ﻃﺮﻳﻘﺔ ﻟﻌﺰل واآﺜﺎر، ﺑﺴﻮﺑﺎ
ﻋﻠﻲ ﻧﻤﻮ اﻟﻔﻴﺮوس ﻓﻲ ﺧﻼﻳﺎ اﻟﻘﺮد (  درﺟﻪ ﻣﺌﻮﻳﻪ93 و 73 و 53)ﺗﺎﺛﻴﺮ درﺟﺎت اﻟﺤﺮارة اﻟﻤﺨﺘﻠﻔﺔ 
وﻗﺪ اﺳﺘﺨﺪم آﻼ ﻣﻦ اﺧﺘﺒﺎري اﻟﺘﺮﺳﻴﺐ ﻋﻠﻲ هﻼم اﻻﺟﺎر واﺧﺘﺒﺎر اﻟﻘﻴﺎﺳﺎت (. ﻓﻴﺮو)اﻻﺧﻀﺮ اﻻﻓﺮﻳﻘﻲ
ﺣﻘﻦ .  ﻣﻦ ﻧﻤﻮ اﻟﻔﻴﺮوس ﻋﻠﻲ ﺧﻼﻳﺎ اﻟﻔﻴﺮو واﻟﺒﻴﺾ اﻟﻤﺨﺼﺐﻟﻠﺘﺎآﺪ( اﻻﻣﻴﻨﻮﺑﻴﺮوآﺴﻴﺪﻳﺰ)اﻻﻧﺰﻳﻤﻴﺔ 
اﻟﻐﺸﺎء ، اﻟﺴﺎﺋﻞ اﻻﻣﻨﻴﻮﻧﻲ ، اﻟﺴﺎﺋﻞ اﻟﺴﻘﺎﺋﻲ)اﻟﻔﻴﺮوس ﻓﻲ ﺑﻴﺾ اﻟﺪﺟﺎج اﻟﻤﺨﺼﺐ ﺑﺎﺳﺘﺨﺪام  ارﺑﻊ ﻃﺮق 
 وﺗﻤﺮﻳﺮة 1ﺗﻤﺮﻳﺮة )وﻗﺪ ﻣﺮر اﻟﻠﻘﺎح ﻣﺮﺗﻴﻦ ﻓﻲ ﺑﻴﺾ اﻟﺪﺟﺎج اﻟﻤﺨﺼﺐ (. آﻴﺲ اﻟﻤﺢ،اﻟﺴﻘﺎﺋﻲ اﻟﻤﺸﻴﻤﻲ 
ﺒﻴﺾ اﻟﻤﺨﺼﺐ ﻋﻨﺪ ﺣﻘﻨﻪ ﺑﺎﻟﻄﺮق اﻻرﺑﻊ وﻟﻜﻦ دون ان ﻳﻈﻬﺮ اي اﻓﺎت ﻋﻠﻲ وﻗﺪ ﻧﻤﻲ اﻟﻔﻴﺮوس ﻓﻲ اﻟ(. 2
اﻟﺠﻨﻴﻦ واﻟﻐﺸﺎء اﻟﺴﻘﺎﺋﻲ اﻟﻤﺸﻴﻤﻲ ﻓﻲ آﻼ ﻣﻦ اﻟﺘﻤﺮﻳﺮﺗﻴﻦ وﻗﺪ ﺗﻢ اﻟﺘﺎآﺪ ﻣﻦ ﻧﻤﻮ اﻟﻔﻴﺮوس ﻓﻲ هﺬﻩ اﻻﻣﺎآﻦ 
آﻤﺎ اﻇﻬﺮ ﺣﻘﻦ ﻟﻘﺎح اﻟﺘﻤﺮﻳﺮة اﻻوﻟﻲ ﻓﻲ اﻟﺒﻴﺾ ﺑﻮاﺳﻄﺔ ﻃﺮﻳﻘﺔ اﻟﻐﺸﺎء . ﺑﺎﺧﺘﺒﺎر اﻟﺘﺮﺳﻴﺐ ﻓﻲ هﻼم اﻻﺟﺎر
ﺎﻧﻴﺔ ﺜآﻤﺎ اﻇﻬﺮت ﻧﺘﺎﺋﺞ اﻟﺘﻤﺮﻳﺮﺗﻴﻦ اﻻوﻟﻲ واﻟ. ﺴﻘﺎﺋﻲ ﻧﺘﻴﺠﺔ ﺳﺎﻟﺒﺔ ﻓﻲ اﺧﺘﺒﺎر اﻟﺘﺮﺳﻴﺐ ﻓﻲ هﻼم اﻻﺟﺎراﻟ
ﻋﻦ ﻃﺮﻳﻖ اﻟﺤﻘﻦ ﺑﻮاﺳﻄﺔ ﻃﺮﻳﻘﺘﻲ اﻟﺴﺎﺋﻞ اﻻﻣﻨﻴﻮﻧﻲ واﻟﺴﺎﺋﻞ اﻟﺴﻘﺎﺋﻲ ﻧﻤﻮ اﻟﻔﻴﺮوس ﻓﻲ آﻼ ﻣﻨﻬﻤﺎ دون 
 اﻟﻔﻴﺮوس ﻓﻲ آﻼ ﻣﻦ اﻟﺴﺎﺋﻞ اﻣﺎ ﻧﺘﺎﺋﺞ اﻟﺤﻘﻦ ﺑﻮاﺳﻄﺔ اﻟﻐﺸﺎء اﻟﺴﻘﺎﺋﻲ اﻟﻤﺸﻴﻤﻲ ﻓﻘﺪ ﻧﻤﺎ. ﻧﻤﻮﻩ ﻓﻲ آﻴﺲ اﻟﻤﺢ
ﺗﻤﺮﻳﺮﺗﻲ اﻟﻔﻴﺮوس اﻻوﻟﻲ واﻟﺘﺎﻧﻴﺔ ﻓﻲ آﻴﺲ اﻟﻤﺢ اﻇﻬﺮت ﻧﻤﻮ اﻟﻔﻴﺮوس . اﻻﻣﻨﻴﻮﻧﻲ واﻟﺴﺎﺋﻞ اﻟﺴﻘﺎﺋﻲ واﻟﻤﺢ
وﻋﻨﺪ اﻟﺤﻘﻦ ﺑﻮاﺳﻄﺔ آﻴﺲ اﻟﻤﺢ اﻇﻬﺮت ﻧﺘﺎﺋﺞ اﻟﺴﺎﺋﻞ اﻻﻣﻨﻴﻮﻧﻲ . ﻓﻴﻪ وﻧﺘﺞ ﻋﻦ ذﻟﻚ ﺷﺤﻮﺑﻪ وﻓﻘﺪ ﺗﻤﺎﺳﻜﻪ
ﻋﻨﺪ ﺣﻘﻦ اﻟﻔﻴﺮوس ﻓﻲ ﺑﻴﺾ . اﻟﺘﺮﺳﻴﺐ ﻓﻲ هﻼم اﻻﺟﺎرواﻟﺴﻘﺎﺋﻲ ﻧﺘﺎﺋﺞ ﻏﻴﺮ دﻗﻴﻘﺔ ﻋﻨﺪ اﺳﺘﺨﺪام اﺧﺘﺒﺎر 
اﻟﺪﺟﺎج اﻟﻤﺨﺼﺐ ﺑﻮاﺳﻄﺔ اﻟﻄﺮق اﻻرﺑﻊ ﺳﺎﻟﻔﺔ اﻟﺬآﺮ اﻇﻬﺮ ﻣﺴﺤﻮق اﻻﺟﻨﺔ ﻧﺘﻴﺠﺔ ﻣﻮﺟﺒﺔ ﻟﻠﺘﺮﺳﻴﺐ ﻓﻲ 
 ﻓﻲ ﺗﺴﻌﺔ 26.601 ﻣﻞ ﻣﻦ اﻟﻔﻴﺮوس ﺑﻌﻴﺎرﻳﺔ 2.0وﻗﺪ زرع اﻟﻔﻴﺮوس ﻓﻲ ﺧﻼﻳﺎ اﻟﻔﻴﺮو، و ﺣﻘﻦ . هﻼم اﻻﺟﺎر
 درﺟﻪ ﻣﺌﻮﻳﻪ ، وﻗﺪ 93 و 73 و 53ﺎ ﻓﻴﺮو ﺷﺒﻪ ﻣﺘﻤﺎﺳﻜﺔ وﺣﻀﻨﺖ ﻓﻲ اﻧﺎﺑﻴﺐ ﺗﺰرﻳﻊ ﺧﻼﻳﺎ  ﺗﺤﻮي ﺧﻼﻳ
 69 و 27 و84وﻗﺪ ﺗﻢ ﺣﺼﺪ اﻟﻔﻴﺮوس ﻣﻦ اﻟﺨﻼﻳﺎ ﺑﻌﺪ .  اﻧﺎﺑﻴﺐ اﺧﺘﺒﺎر ﻟﻜﻞ درﺟﺔ ﺣﺮارة3اﺳﺘﺨﺪﻣﺖ 
 درﺟﻪ ﻣﺌﻮﻳﻪ 53اﻇﻬﺮت درﺟﺔ ﺣﺮارة . ﺳﺎﻋﺔ ﻣﻦ اﻟﺤﻘﻦ واﺳﺘﺨﺪم هﺬا اﻟﺤﺼﺎد ﻟﺘﺤﺪﻳﺪ ﻋﻴﺎرﻳﺔ اﻟﻔﻴﺮوس
 ﺳﺎﻋﺔ ﻣﻦ اﻟﺤﻘﻦ ﻋﻠﻲ اﻟﺘﻮاﻟﻲ ﻓﻲ ﺣﻴﻦ اﻇﻬﺮت 69و 27و 84 ﺑﻌﺪ  501و  72.401و 5.201ﻋﻴﺎرﻳﺔ ﻟﻠﻔﻴﺮوس 
أﻣﺎ ﻓﻲ .  ﺳﺎﻋﺔ ﻣﻦ اﻟﺤﻘﻦ ﻋﻠﻲ اﻟﺘﻮاﻟﻲ69و27و84 ﺑﻌﺪ  5.501 و 501و  5.301 درﺟﻪ ﻣﺌﻮﻳﻪ ﻋﻴﺎرﻳﺔ 73
 69 ﺳﺎﻋﺔ و27اﻣﺎ ﻓﻲ ، ﺳﺎﻋﻪ84 ﻧﻤﻮ ﻟﻠﻔﻴﺮوس ﺑﻌﺪ اﻟﺘﺤﻀﻴﻦ 8.101 درﺟﻪ ﻣﺌﻮﻳﻪ اﻇﻬﺮت اﻟﻌﻴﺎرﻳﺔ 93
 ﺳﺎﻋﺔ ﻣﻦ اﻟﺤﻘﻦ 69 درﺟﻪ ﻣﺌﻮﻳﻪ ﺑﻌﺪ 73اﻋﻠﻲ ﻋﻴﺎرﻳﺔ ﻟﻠﻔﻴﺮوس آﺎﻧﺖ ﻓﻲ . ﻔﻴﺮوسﺳﺎﻋﺔ ﻓﻠﻢ ﻳﻨﻤﻮ اﻟ
اﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ . 8.101 ﺳﺎﻋﺔ ﻣﻦ اﻟﺤﻘﻦ 84 درﺟﻪ ﻣﺌﻮﻳﻪ ﺑﻌﺪ 93 ﻓﻲ ﺣﻴﻦ ان اﻗﻞ ﻋﻴﺎرﻳﺔ آﺎﻧﺖ ﻓﻲ 55.501
ان اﻓﻀﻞ ﻃﺮﻳﻘﺔ ﻟﻌﺰل واآﺜﺎر ﻓﻴﺮوس ﻃﺎﻋﻮن اﻟﻤﺠﺘﺮات اﻟﺼﻐﻴﺮة ﻓﻲ ﺟﻨﻴﻦ اﻟﺒﻴﺾ اﻟﻨﺎﻣﻲ هﻲ ﻋﻦ 
اﻟﺴﻘﺎﺋﻲ او اﻻﻣﻨﻴﻮﻧﻲ وان اﻓﻀﻞ درﺟﺔ ﺣﺮارة ﻟﺘﺰرﻳﻊ واآﺜﺎر اﻟﻔﻴﺮوس ﻓﻲ اﻟﻤﺰارع اﻟﺨﻠﻮﻳﺔ ﻃﺮﻳﻖ اﻟﺴﺎﺋﻞ 
  . درﺟﻪ ﻣﺌﻮﻳﻪ73هﻲ( اﻟﻔﻴﺮو)
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INTRODUTION 
Peste des petits ruminants (PPR), also known as pseudorinderpest, goat 
plague, Kata, pneumoenteritis complex and goat catarrhal fever (Chakrabarti, 
2003), is a highly contagious viral disease affecting domestic and wild small 
ruminants (Furley et al., 1987). It is caused by a virus which belongs to the 
Morbillivirus genus of family Paramyxoviridae, the Peste des Petits Ruminants 
Virus (PPRV). It is a rinderpest-like infection of goats and sheep characterized 
by an erosive stomatitis, a catarrhal inflammation of the ocular and nasal 
mucous membranes, profuse diarrhea and mortality may reach up to 60-70%. 
Economically, it is the most important small ruminant disease, particularly in 
areas where it is endemic: countries located between the Sahara and the Equator 
in Africa, the Middle East and the Indian sub continent (Lefevre and Diallo, 
1990; Taylor et al., 1990; Roeder et al., 1994 and Amjad et al., 1996). It is in 
the list of animal diseases to be notified to the World Organization for Animal 
Health (Office International des Epizooties, OIE) in case of outbreaks.  
The incubation period is 4–6 days, but may range between 3 and 10 days. 
The clinical disease is acute, with pyrexia up to 41°C that can last for 3–5 days; 
the animals become depressed, anorexic and develop a dry muzzle (OIE, 2008).  
PPR should be differentiated clinically from rinderpest, bluetongue, contagious 
caprine pleuropneumonia, contagious ecthyma, foot and mouth disease, sheep 
and goat pox, Nairobi sheep disease, heart water, bacterial and parasitic 
diarrhea, and viral and parasitic pneumonia. In many cases, pasteurellosis is a 
secondary infection of PPR, a consequence of the immunodepression that is 
induced by the causal agent of PPR, the PPR virus (PPRV). PPRV is 
transmitted mainly by aerosols between animals living in close contact (Lefevre 
and Diallo, 1990).  
The PPRV was the last member to be identified, and therefore this virus 
has not yet been as well characterized in term of physical, chemical, biological 
aspects as the other members.  
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PPRV may be isolated in primary lamb kidney or in African green 
monkey kidney (Vero) cell tissue cultures (OIE Manual, 2009) and according to 
Gilbert and Monier (1962), the causative virus can grow well in cell cultures on 
many types of cells.  
However, no published report is found on chemical or physical effects 
such as temperature on growth of the virus in this system.  Additionally, there is 
no data on growth of PPRV in embryonated chicken eggs which may serve as a 
simple system to isolate the virus particularly in medium-sized virology labs 
where cell culture system is not available. 
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Objectives of the study: 
_To test growth of PPRV in embryonated hen′s egg. 
_To determine effect of temperature on growth of PPRV in cell culture. 
_To use immunoperoxidase test as confirmatory test for growth of the 
virus in embryonated hen′s egg and cell culture. 
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CHAPTER ONE 
LITRETURE REVIEW 
1-1 Peste des petits ruminant (PPR): 
Peste des petits ruminant (PPR) is an acute or subacute viral disease of 
goats and sheep characterized by fever, erosive stomatitis, conjunctivitis, 
gastroenteritis, and pneumonia. Goats are usually more severely affected than 
sheep. Roeder and Obi (1999) described peste des petits ruminants (PPR) 
disease  as a severe fast spreading disease of mainly domestic small ruminants, 
characterized by the sudden onset of depression, fever, discharges from the eyes 
and nose, sores in the mouth, disturbed breathing and cough, foul smelling 
diarrhea and death. 
1-2 Etiology: 
Peste des petits ruminants is caused by a paramyxovirus of the 
Morbillivirus genus. Other members of the genus include rinderpest virus 
(RPV), measles virus (MV) and canine distemper virus (CDV), (OIE, 2008). 
For many years, PPR virus was considered a variant of RPV, specifically 
adapted for goats and sheep that had lost its virulence for cattle (Gibbs et al., 
1979). It is now known that the two viruses are distinct though closely related 
antigenically (Bourdin and Laurent-Vautier.1967).  
The family Paramyxoviridae together with the families Rabdoviridae, 
Filoviridae and Bornaviridae form the order Mononegavirales. 
Paramyxoviridae is subdivided into two subfamilies: Paramyxovirinae which 
includes the genera Respirovirus, Rubulavirus and Morbillivirus and 
Pneumovirinae which includes the genera Pneumovirus and Metapneumovirus 
(Murphy et al., 1999). 
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The genus Morbillivirus includes beside peste des petits ruminants virus, 
rinderpest virus, measles virus, canine distemper virus, equine morbilliviruses 
and phocine, dolphic and popoise distemper viruses (Murphy et al., 1999). 
The Rubulavirus include Mumps virus of humans and Newcastle disease 
virus of wild and domestic birds. The genus Respirovirus of subfamily 
Paramyxovirinae includes: Bovine parainfluenza virus 3, Human parainfluenza 
virus 1, Human parainfluenza virus 3, Sendai virus, Murine parainfluenza virus 
1 and Simian virus 10. Pneumoviruses are RNA viruses of the family 
Paramyxoviridae, subfamily Pneumovirinae, and include pathogens that infect 
humans (respiratory syncytial virus and human metapneumovirus), domestic 
mammals (bovine, ovine, and caprine respiratory syncytial viruses), rodents 
(pneumonia virus of mice), and birds (avian metapneumovirus). 
1-3 Bio-chemical Properties of PPR virus:  
Like other morbilliviruses, the PPR virus contains a helical nucleocapsid 
which is membrane bound. The chemical structure of the morbillivirus consists 
of a non-segmented single-stranded RNA molecule with a molecular weight of 
approximately 6×106. It is polymorphic in shape as shown by the electron 
micrograph. 
On infection, the viral envelope fuses with the cell membrane interfacing 
in the extracellular space and only the nucleocapsids enter the cytoplasm. This 
substructure must contain all the virus components necessary to initiate 
replication. The F protein is accepted to play a part in cell fusion. It is also 
believed to contribute to the cytopathic effect (CPE) observed in virus infection. 
The nucleucapsids of the morbilliviruses have not been shown to be infectious 
as, for example, in the rhabdoviruses (Hamdy et al., 1976; Mornet et al., 1956; 
OIE, 1976-77). 
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Although the viral RNA contains the informational base sequence which 
must be recognized by the viral RNA polymerase, it is the nucleocapsid, not 
free RNA, which is the active template structure for the RNA transcription in 
virus replication. The important implication is that a device exists for base 
recognition by the viral polymerase despite the continued association of capsid 
proteins with the RNA (Hamdy et al., 1976; Mornet et al., 1956; OIE, 1976-77). 
As in other morbilliviruses, nucleocapsids have been visualized in the 
cytoplasm and also in the nucleus in PPR virus infection, but the role of the 
nucleus is not clearly explained. 
The viral nucleocapsids are transported to the cell surface, and the latter 
develops modified segments of the plasma membrane containing the viral 
envelope proteins, where the virus matures by budding from the plasma 
membrane in a heteromorphic fashion (Hamdy et al., 1976; Mornet et al., 1956; 
OIE, 1976-77). 
It had previously been reported (Mornet et al., 1956) that PPR virus 
(PPRV) was not pathogenic for cattle, that it conferred immunity against 
rinderpest and could be neutralized by rinderpest antiserum. Since rinderpest 
virus—although principally a pathogen of cattle—can produce disease in sheep 
and goats, these workers at the time concluded that PPR virus was a variant of 
the rinderpest virus that was adapted to small ruminants and had lost virulence 
for cattle. However, more other work indicated that the PPR and rinderpest 
viruses can be differentiated by cross-neutralization tests in vitro (Hamdy et al., 
1976). No published information was available on the relationship of the PPR 
virus to measles and the distemper virus. 
It was considered important to establish the relationship of the PPR virus 
to the other morbilliviruses, especially rinderpest, for two reasons. First, the 
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virtual eradication of rinderpest from cattle in West Africa by the international 
use of rinderpest vaccine (Joint Project 15 of OAU/STRC) raises the question of 
whether PPRV infection of small ruminants represents a reservoir of rinderpest 
for cattle should vaccination be discontinued. Secondly, a vaccine is required to 
control PPR in West Africa, as small ruminants are an important source of 
animal protein in areas where most cattle cannot be raised satisfactorily because 
of trypanosomiasis (Hamdy et al., 1976; Mornet et al., 1956; OIE, 1976-77). 
Electron micrographs of the virus showed the virus to be pleomorphic 
and to consist of an outer envelope surrounding a coiled nucleocapsid. There 
was considerable variation in particle size (surface projections: length 15.8 nm, 
period 5.6 nm and width 18.6 nm). In sheep and goat cell mononuclear layers, 
the CPE consisted of large 'clock-faced' syncytia, the nuclei of which sometimes 
contained intranuclear Cowdry type A inclusions. 
  Sheep and goats vaccinated with the attenuated RBOK strain of 
rinderpest virus did not develop clinical disease when infected with PPR virus. 
The Schwarz vaccine strain of measles virus did not protect sheep and goats 
from developing PPR. A degree of cross-protection apparently exists between 
the viruses of canine distemper and PPR, since only one animal in the group 
vaccinated with canine distemper virus showed mild clinical lesions of PPR. 
However, PPR virus replicates in sheep and goats given rinderpest, 
canine distemper and measles vaccines, virus being detected in nasal swabs 
collected from each group 7 days after challenge . To investigate whether goats 
and sheep that had recovered from clinical PPR could also excrete PPR virus if 
re-exposed to infection, the animals in the control group in the same trial were 
subsequently challenged 21 days after initial infection. PPR virus could not be 
recovered from nasal secretions collected 7 days later (Hamdy et al., 1976). 
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In conclusion, it was shown that rinderpest vaccine protects sheep and 
goats from clinical PPR.  Rinderpest vaccine is produced in large quantities in 
West Africa, and some of this vaccine has already been used empirically to 
protect sheep and goats from PPR. Although there has been no critical 
evaluation of its effectiveness, the 'Office International d'Epizooties' has 
endorsed its use (OIE, 1976/77). However, the observation reported that sheep 
and goats that have been vaccinated with rinderpest vaccine can develop 
subclinical PPR indicates that, under field conditions, animals vaccinated with 
rinderpest vaccine possibly may perpetuate PPR in sheep and goat populations 
even though they are themselves protected from developing the clinical disease. 
1-4 Physical Properties of PPR virus: 
Rinderpest and PPR viruses are not very resistant. The half-life in 
infected tissues at 56°C is measured in minutes, at 25°C in hours, at 5°C in days 
and at -20°C in months (Scott and Brown, 1961). At 56°C the half-life is short 
but small proportion may survive for 50 to 60 minutes (Plowright and Ferris, 
1961) or 60°C for 30 minutes (DeBoer and Barber, 1964; Andrews and Pereira, 
1972). The virus looses it´s infectivity within 30 minutes at 50°C (Sharma and 
Adlakha, 1994). The virus is rapidly inactivated at temperature above 70°C. 
Some viruses may resist 60°C for 60 minutes (OIE, 2002). 
In lymph node homogenate the virus is killed within 1-4 hours at 56°C, 
between1-3 days at 37°C, within 10 days at 25°C and within 56 days at 7°C 
(Scott, 1955). Scott (1955) demonstrated viable virulent virus in infected spleen 
stored for three years at -25°C. PPR and RP viruses survive for long times in 
chilled and frozen tissues (OIE, 2009). 
The virus preparations are best preserved by lypholization or by addition 
of 2% dimethyle sulfoxide (DMS) and stored at 4°C (Sharma and Adlakha, 
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1994). Dried virus is much more resistant to heat than hydrate virus (Sharma 
and Adlakha, 1994).   
1-5 Viral Replication: 
  The Orthomyxoviruses, Paramyxoviruses, Bunyaviruses, Arenaviruses 
and Rhabdoviruses all have (-) sense RNA genomes. The genomes of these 
viruses must serve two functions, firstly to serve as a template for transcription 
to generate (+) sense RNA and secondly as a template for replication. Upon 
entry into the host cell the (-) sense genome is transcribed to generate (+) sense 
monocistronic RNA that serves as mRNA for the production of viral proteins 
which initiate genome replication. This (+) sense RNA also serves as a template 
for the synthesis of (-) strand genomic RNA's. In contrast to the (+) sense RNA 
viruses described above, (-) strand viruses must package a functional RNA 
polymerase to initiate transcription of their (-) sense genome (Murphy et al., 
1999).  
1-6 Classification of PPR Disease: 
OIE list the PPR as (A) disease (transmissible diseases that have potential 
for very serious and rapid spread) (Geering et al., 1995). 
1-7 History and Occurrence: 
The disease was first described in 1942, in Cote d’Ivoire, by Gargadennec 
and Lalanne (1942), the authors reported the presence of a highly fatal disease 
resembling rinderpest but affecting only small ruminants. Cattle in contact with 
sick animals of this contagious disease were not affected. Later on, in 1956, 
Mornet and his collaborators showed on experimental animals that the causative 
agents of rinderpest and PPR were closely related. From their experiment, they 
suggested that the second virus was a variant of the first one which is better 
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adapted to small ruminants (Hamdy et al., 1976; Gibbs et al., 1979; Taylor, 
1984).  
After 1942 the disease was soon recognized in Benin, Senegal, and 
Nigeria. PPR is wide spread in the north countries of sub-Saharan Africa and 
has been identified in the Sudan, Ethiopia, Egypt, Arab peninsula, and Middle 
East. Recently PPR has been reported in India and Jordan. PPR is endemic in 
the Sahel area west of Africa and central Africa (Rossiter and Taylor, 1994).  
1-8 Geographic Distribution: 
Peste des petits ruminants (PPR), is an acute contagious disease caused 
by a Morbillivirus in the family Paramyxoviridae. It affects small ruminants, 
especially goats, which are highly susceptible, and occasionally wild animals. 
PPR occurs in countries in Africa lying between the Equator and the Sahara, the 
Arabian Peninsula, throughout most of the Middle Eastern countries, and south-
west Asia (OIE Manual, 2009). PPR was first described in Côte d’Ivoire, but it 
occurs in most African countries south of the Sahara and north of the equator, 
and in nearly all Middle Eastern countries up to Turkey. PPR is also wide-
spread in India and south-west Asia (OIE Manual, 2009). 
1-9 Transmission: 
 Peste des petits ruminants is not very contagious and transmission 
requires close contact. Ocular, nasal, and oral secretions and feces are the 
sources of virus. Contact infection occurs mainly through inhalation of aerosols 
produced by sneezing and coughing. Fomites such as bedding may also 
contribute to the onset of an outbreak. As in rinderpest (RP), there is no known 
carrier state. Infected animals may transmit the disease during the incubation 
period (Lefevre and Diallo, 1990).  
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1-10 Incubation period: 
 Peste des petits ruminant has an incubation period of 4 to 5 days (Lefevre, 
1982).  
1-11 Host range: 
Peste des petits ruminants is primarily a disease of goats and sheep. 
However, there is one report of naturally occurring PPR in captive wild 
ungulates from three families: Gazellinae (dorcas gazelle), Caprinae (Nubian 
ibex and Laristan sheep), and Hippotraginae (gemsbok). Experimentally, the 
American white-tailed deer (Odocoileus virginianus) is fully susceptible. The 
role of wildlife on the epizootiology of PPR in Africa remains to be 
investigated. Cattle and pigs are susceptible to infection with PPRV, but they do 
not exhibit clinical signs. Such subclinical infections result in seroconversion, 
and cattle are protected from challenge with virulent RPV. Cattle and pigs do 
not, however, play a role in the epizootiology of PPR because they are 
apparently unable to transmit the disease to other animals (Furley et al., 1987). 
1-12 Clinical Signs: 
 The disease usually appears in the acute form, with an incubation period 
of 4 to 5 days followed by a sudden rise in body temperature to 104-106° F (40-
41°C) (Hamdy et al.,1976). The temperature usually remains high for about 5 to 
8 days before slowly returning to normal preceeding recovery or dropping 
below normal before death. Affected animals appear ill and restless and have a 
dull coat, dry muzzle, and depressed appetite. Accompanying these nonspecific 
signs are a series of changes that make up a highly characteristic syndrome. 
From the onset of fever, most animals have a serous nasal discharge, which 
progressively becomes mucopurulent. The discharge may remain slight or may 
progress, resulting in a profuse catarrhal exudates, which crusts over and 
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occludes the nostrils. At this stage, animals have respiratory distress, and there 
is much sneezing in an attempt to clear the nose. Small areas of necrosis may be 
seen on the visible nasal mucous membranes (Lefevre, 1982). The conjunctiva 
usually becomes congested, and the medial canthus may have some crusting. As 
with the nose, there may be profuse catarrhal conjunctivitis resulting in matting 
of the eyelids (Mornet et al., 1956). 
 Necrotic stomatitis is common. It starts as small, roughened, red, 
superficial necrotic foci on the gum below the incisor teeth. These areas may 
resolve within 48 hours or progressively increase to involve the dental pad, the 
hard palate, cheeks and their papillae and the dorsum of the anterior part of the 
tongue. Necrosis may result in shallow irregular no hemorrhagic erosions in the 
affected areas of the mouth and deep fissures on the tongue. Necrotic debris 
may collect at the oral commissures, and scabs may form along the 
mucocutaneous junction of the lips. There may be excessive salivation but not 
to the extent of drooling (Opasina, 1980).  
 At the height of development of oral lesions, most animals manifest 
severe diarrhea, often profuse but not hemorrhagic. As it progresses, there is 
severe dehydration, emaciation and dyspnea followed by hypothermia, and 
death usually occurs after a course of 5 to 10 days. Bronchopneumonia, 
evidenced by coughing, is a common feature in the later stages of PPR. 
Pregnant animals may abort.  
 Secondary latent infections may be activated and complicate the clinical 
picture (Taylor, 1984). 
1-13 Gross Lesions: 
 The pathology caused by PPR is dominated by inflammatory and necrotic 
lesions in the mouth and the gastrointestinal tract. Unlike RP, there is also a 
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definite, albeit inconstant, respiratory system component; hence, the synonym 
stomatitis-pneumoenteritis complex (Brown et al., 1991).  
 Emaciation, conjunctivitis, erosive stomatitis involving the inside of the 
lower lip and adjacent gum, cheeks near the commissures and the free portion of 
the tongue are frequent lesions. In severe cases, lesions may also be found on 
the hard palate, pharynx and upper third of the esophagus. The necrotic lesions 
do not evolve into ulcers because the basal layer of the squamous epithelium is 
rarely penetrated.  
 The rumen, reticulum and omasum rarely have lesions. Sometimes, there 
may be erosions on the pillars of the rumen. The abomasum is a common site of 
regularly outlined erosions and often oozes blood (Bundza et al., 1988).  
 Lesions in the small intestine are generally moderate, being limited to 
small streaks of hemorrhages and sometimes erosions in the first portion of the 
duodenum and the terminal ileum. Peyer's patches are the site of extensive 
necrosis, which may result in severe ulceration. The large intestine is usually 
more severely affected with congestion around the ileocecal valve, at the ceco-
colic junction and in the rectum. In the posterior part of the colon and the 
rectum, discontinuous streaks of congestion ("zebra stripes") form on the crests 
of the mucosal folds (Hamdy et al., 1976).  
 In the respiratory system, small erosions and petechiae may be visible on 
the nasal mucosa, turbinates, larynx, and trachea. Bronchopneumonia may be 
present, usually confined to the anteroventral areas and is characterized by 
consolidation and atelectasis. There may be pleuritis, which may become 
exudative and results in hydrothorax.  
 The spleen may be slightly enlarged and congested. Most lymph nodes 
throughout the body are enlarged, congested and edematous. Erosive 
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vulvovaginitis similar to the lesions in the oral mucocutaneous junction may be 
present (Rowland et al., 1971).  
1-14 Morbidity and Mortality: 
 The incidence of PPR in an enzootic area may be similar to that of 
rinderpest (RP) in that a low rate of infection exists continuously. When the 
susceptible population builds up, periodic epizootics (outbreaks) occur, that 
receive more attention than usual. Such epizootics may be characterized by 
almost 100 percent mortality among affected goat and sheep populations 
(Lefevre and Diallo, 1990).  
 The prognosis of acute PPR is usually poor. The severity of the disease 
and outcome in the individual is correlated with the extent of mouth lesions. 
Prognosis is good in cases where the lesions resolve within 2 to 3 days. It is 
poor when extensive necrosis and secondary bacterial infections result in an 
unpleasant, fetid odor from the animal's breath. Respiratory involvement is also 
a poor prognostic sign. A morbidity rate of 80-90 percent and a case fatality rate 
of 50-80 percent are not uncommon — particularly in goats (Lefevre and Diallo, 
1990).  
 Young animals (4 to 8 months) have more severe disease, and morbidity 
and mortality are higher. Both field and laboratory observations indicate that 
PPR is less severe in sheep than in goats. Nevertheless, field outbreaks have 
been reported in the humid zones of West Africa in which no distinction could 
be made between the mortality rates in sheep and in goats. Poor nutritional 
status, stress of movement and concurrent parasitic and bacterial infections 
enhance the severity of clinical signs (Taylor, 1984). 
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1-15 Diagnosis: 
1-15-1 Field Diagnosis:  
 In the field, a presumptive diagnosis can be made on the basis of clinical, 
pathological, and epizootiological findings.  Laboratory confirmation is an 
absolute requirement — particularly in areas or countries where PPR has not 
previously been reported.  
1-15-2 Specimens for Laboratory:  
 Specimens to submit include blood in EDTA anticoagulant, clotted blood 
or serum (if possible, paired sera), mesenteric lymph nodes, spleen, lung, 
tonsils, and sections of the ileum and large intestine (Lefevre and Diallo, 1990).  
 Swabs of serous nasal and lachrymal discharges may also be useful. All 
samples should be shipped fresh (not frozen) on ice within 12 hours after 
collection.  
1-15-3 Laboratory Diagnosis:  
 A wide range of laboratory procedures have been described for detecting 
virus or viral antigen, viral nucleic acid and antibody 
1-15-3-1 Agar gel immunodiffusion test (AGID): 
Durojaiye (1982) and Adu and Joannis (1985) used agar gel 
immunodiffusion test (AGID) in the diagnosis of PPR disease and described it 
as a very simple and cheap test that can be performed in any laboratory and 
even in the field.  
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1-15-3-2 Counter immunoelectrophoresis (CIEP): 
The counter immunoelectrophoresis (CIEP) is a useful and reliable tool 
for PPRV diagnosis. The test is 4-16 times more sensitive than AGID with the 
result that can be employed for detection of antigen as well as antibody. The 
reagents are the same as those used for AGID. The result will be obtained 
within 1-2 hours. The presence of 1-3 precipitation lines between pairs of wells 
viewed by intense light considered as a positive reaction (Forman et al., 1983; 
Majiyagbe, et al., 1984; Rossiter, 1985).  
1-15-3-1- 3 Immunocapture ELISA (IcELISA) and sandwich ELISA:  
Libeau et al. (1994) performed the technique of the immunocapture 
enzyme-linked immunosorbent assay (IcELISA) using several anti N-
monoclonal antibodies (MAb) directed against non-overlapping antigenic 
domains on the nucleocapsid (N). They used these antibodies to detect the virus 
N-protein in supernatants from infected cells and field specimens. They stated 
that the assay, which is very sensitive, could be performed in one-hour with pre-
coated plates. They added that there was no cross-reaction between PPR and RP 
viruses in the test. The N-protein could be detected in infected cell supernatants 
kept at ambient temperature for one week. The results showed that the ELISA is 
suitable for routine diagnosis of field samples  
Abraham and Berhan (2001) compared immunocapture ELISA 
(IcELISA) and agar gel immunodiffusion test (AGID) for detection of RP and 
PPR antigens and differentiation between them in clinical samples in Ethiopia; 
IcELISA was found to be more rapid, sensitive and specific than AGID. 
Singh et al. (2004) developed a sandwich ELISA test using PPR specific 
monoclonal antibody (Clone 466) to an epitope of nucleocapsid protein. The 
test uses polyclonal sera to capture the antigen from clinical samples (swabs and 
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tissues) which are detected using PPR specific monoclonal antibody. The test is 
specific for PPR as it failed to detect RP vaccine (RBOK strain). The test 
compared very well with a standardized IcELISA on clinical samples 
originating from laboratory experiments and field samples. The test showed 
92.8% specificity and 88.9% sensitivity. 
1-15-3-4 Indirect immunofluorescence technique (IFAT): 
Indirect immunofluorescence technique (IFAT) was used by Sumption et 
al. (1998) to detect PPRV antigen in conjuctival epithelial cells of goats in the 
early and late stages of the disease during PPR outbreak using specific 
antibodies to PPRV. They mentioned that IFAT has confirmed PPRV and 
differentiated it from RPV. 
1-15-3-5 Reverse transcriptase polymerase chain reaction (RT/PCR): 
Coucay-Hymann (1994) worked on PCR of PPRV and described it as an 
easy test to be used for diagnosis of PPR once the RNA has been extracted from 
the sample. The PCR is sensitive and results are obtained in 5 hours time 
including RNA extraction.  
Couacy-Hymann et al. (2002) developed a rapid and specific test for 
diagnosis of PPR. The assay is based on the rapid purification of RNA on glass 
beads followed by the RT/PCR, a set of primers (NP3, NP4) was used to 
amplify specifically a fragment of about 350 bp in the 3' end of the RNA 
messenger that encodes the nucleocapsid protein of the PPRV; compared to the 
conventional titration technique in Vero cells, this RT/PCR was 1000 fold more 
sensitive. 
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1-15-3-6 Virus isolation in Tissue Culture: 
Anderson (1999) stated that even when diagnosis of PPRV has been 
carried out by rapid technique, the virus should always be isolated from field 
samples in tissue culture, for further studies. Taylor (1979) stated that PPRV 
may be isolated in primary lamb kidney cells or Vero cell tissue cultures. These 
monolayer cultures are inoculated with suspected material and examined daily 
for evidence of cytopathic effect (CPE). The CPE produced by PPRV can 
develop within 5-19 days and consists of cell rounding, refractile cells and 
aggregation culminating in syncytia formation with eventual detachment of 
cells. The syncytia are characterized by a circular arrangement of nuclei giving 
a clock face appearance (Hamdy et al., 1976; El Hag Ali and Taylor, 1984; Abu 
El Zein et al., 1990). They also observed that some cells are vacuolated. 
Anderson et al. (1996) noticed that in coverslip cultures CPE might develop 
earlier than day five. Murphy et al. (1999) reported the presence of 
intracytoplasmic and intranuclear inclusions. Rowland and Bourdin (1970) 
mentioned that similar cellular changes might be seen in stained 
histopathological sections of infected tissues. Anderson et al. (1996) advised 
that after 5-6 days of inoculation, blind passage should always be carried out as 
CPE may take time to appear 
1-15-4 Differential Diagnosis:  
 Rinderpest: Clinical RP is rare in goats and sheep in Africa. In India, 
these species are quite often involved in RP outbreaks. Clinically, RP and PPR 
are similar, but the former should be the prime suspect if the disease involves 
both cattle and small ruminants. Confirmation requires virus isolation and cross-
neutralization.  
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 Pasteurellosis: Enzootic pneumonia or the septicemic form of 
pasteurellosis is characterized by obvious respiratory signs, infrequent diarrhea 
and a fatality rate rarely exceeding 10 percent (El Hag Ali and Taylor, 1983).  
 Contagious caprine pleuropneumonia: There is no digestive system 
involvement and the clinical signs and lesions are confined to the respiratory 
system and pericardium.  
 Bluetongue: Swelling of the lips, muzzle and oral mucosa, together with 
edema of the head region, should serve to differentiate bluetongue from PPR. 
Coronitis, common in bluetongue, is not a feature of PPR. Also, sheep are more 
affected than goats (Gibbs et al., 1979).  
 Heart water: There is often central nervous system involvement, 
including convulsions. There is no diarrhea.  
 Contagious ecthyma (contagious pustular dermatitis, orf): The orf virus 
causes proliferative, not necrotic lesions that involve the lips rather than the 
whole oral cavity. The absence of nasal discharges and diarrhea also distinguish 
orf from PPR (Saliki et al., 1994).  
 Foot-and-mouth disease: This condition is comparatively mild and the 
most characteristic clinical sign, lameness, is not a feature of PPR.  
 Nairobi sheep disease: Sheep are more severely affected than goats. It is 
limited geographically to parts of east and central Africa (Kenya, Uganda, 
Tanzania, Ethiopia, Somalia and Congo [formerly Zaire]). Diagnosis requires 
isolation and serologic identification of the virus.  
 Coccidiosis: There is no upper digestive tract and respiratory system 
involvement.  
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 Plant or mineral poisoning: Several plants and minerals may cause severe 
intestinal lesions. Case history and absence of fever should distinguish 
poisoning from PPR (Taylor and Abegunde, 1979).  
1-16 Treatment:  
 There is no specific treatment for PPR. However, drugs that control 
bacterial and parasitic complications may decrease mortality. 
1-17 Control and Eradication: 
  Eradication is recommended when PPR appears in new areas. Methods 
that have been successfully applied for RP eradication in many areas would be 
appropriate for PPR. These should include quarantine, slaughter, and proper 
disposal of carcasses and contact fomites, decontamination, and restrictions on 
importation of sheep and goats from affected areas (Diallo et al., 1989). 
1-18 Public Healths: 
 Peste des petits ruminants is not infectious for humans. 
1-19 PPR in Sudan: 
In 1971 an outbreak in sheep and goat was diagnosed as RP based on 
clinical signs and precipitation by Agar gel immune diffusion test (AGID) using 
RP hyper immune serum (HIS) and characteristic cytopathic effect of RPV in 
cell culture (Elhaj Ali, 1973). The virus strain isolated at that time were 
reexamined ten years later serologically, inoculation of experimental sheep and 
goat and cross neutralization of PPRV and RPV. The isolates were proved to be 
authentic PPRV and the isolates were termed (SUD72/1and SUD72/2) (Elhag 
Ali and Taylor, 1984). 
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1-20 Lineage of PPR virus: 
 Shaila et al. (1996) compared 19 PPRV isolates using phylogenic 
analysis and identified four separate lineages, three from Africa and one from 
Asia. Lineage 1 has been found in West Africa, lineage 2 is also found in west 
Africa, lineage 3 include viruses which has been isolated in east Africa 
including those isolated in Sudan and finally lineage 4 which is found only in 
Asia. This was done by the sequencing of selected regions of the gene that 
codes for the F protein of the virus using reverse transcription (RT) followed by 
polymerase chain reaction. 
1-21 Growth of PPRV and other Paramyxoviruses in Embryonated hen’s 
eggs: 
Search of literature revealed that no report was published on growth of 
PPRV in embryonated eggs. 
 Some Paramyxoyviruses can grow well in embryonated hen eggs such as 
Newcastle disease virus, Sendai virus, Mumps and those closely related to 
PPRV such as Canine distemper virus and Measles virus. By allantoic route 
inoculation of 10 day old chicken embryos Newcastle disease virus (Akram et 
al., 2000), Sendai virus and Mumps virus can be isolated (Leymaster and Ward, 
1948). 
The most convenient method of propagating Newcastle disease virus in 
the laboratory is by the inoculation of the allantoic cavity of embryonated eggs. 
All strains of Newcastle disease virus will grow in the cells lining the allantoic 
cavity of 9-day old or 10-day old embryonated eggs (Akram et al., 2000). 
Sendai virus replicates very efficiently in eggs, infective Sendai virus was 
grown in the allantoic fluid of embryonated eggs for 3 days. Virus particles 
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were separated from large debris in the allantoic fluid by differential 
centrifugation (Corral et al., 2007). 
Mumps vaccines and their preparations are live attenuated mumps virus 
vaccine prepared by growing the virus in at least 10 successive passages in 
embryonated hens' eggs followed by propagation in chick embryo tissue culture. 
Also the live mumps virus can be propagated by growing the virus in three 
serial passages through primary human amnion cell monolayers at 34°C to 37°C 
for 7 to 12days (preferably 10 days). followed by one passage in embryonated 
chicken eggs 34°C to 37°C for 7 to 12days (preferably 11 days), and finally by 
eight through 28 serial passages in primary chick embryo tissue 32°C to 37°C 
for 6 to 8 days (preferably 7 days) (Cerini, 1974). 
Special pathogen-free (SPF) eggs of 6–7 days old were used to cultivate 
Canine distemper virus on chorioallantoic membrane (CAM), the eggs were 
incubated at 37°C in a humidified incubator. No plaque was observed on the 
CAMs during 11 passages nor was CDV viral RNA detected by real time- 
polymerase chain reaction in CAM preparations (Zheng and Chiang, 2006). 
Burnet and Stanly (1956) reported that rinderpest virus can be adapted to 
grow in embryonated eggs. 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2-1 Materials 
2-1-1 Peste des petits ruminants virus (PPRV): 
The PPRV used in this study was a vaccine strain named Nig 75/1.It was 
obtained as freeze dried ampoules from the Vaccine Production Department of 
the Central Veterinary Research Laboratories (CVRL), Soba, Sudan.  
2-1-2 Embryonated Hen′s eggs:  
Embryonated hen eggs were obtained from the farm of the Department of 
Microbiology, Faculty of Veterinary Medicine, University of Khartoum. 
2-1-3 Rabbits: 
Two healthy local breed rabbits were purchased from Khartoum North 
market. The animals were kept under close observation for seven days. 
2-1-4 Agar gel Immunodiffusion (AGID) test: 
One gram of agarose (HSA) (SIGMA) powder was boiled in 100 ml of 
0.1M PBS. 0.25g of sodium azide was added as bacteriostatic agent. When the 
preservative was dissolved, the agar solution was poured in 60 mm petri dishes 
and left to cool and solidify. 
2-1-5 African Green Monkey Kidney cell culture (Vero): 
One flask (25cm2) of confluent monolayer cell culture of Vero cell was 
purchased from Veterinary Laboratories Agency, United Kingdom.  
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2-1-6 Immunoperoxidase Staining Technique: 
2-1-6-1 10% Normal Serum: 
 The serum was obtained from the same species as the biontinylated 
secondary antibody is raised (Goat). 
2-1-6-2 Secondary Antibody: 
 The secondary antibody was conjugated with horse radish peroxidas 
enzyme which was purchased from Adcam Company, Malaysia.  
2-1-6-3 Horse radish Peroxidase Substrate: 
 A substrate kit contains all of the reagents necessary to prepare working 
solution was purchased from Vector laboratories, USA.  
2-2 Methods: 
 2-2-1 Hyperimmune Serum production: 
PPR hyperimmune serum was prepared as described by Elhag Ali and 
Taylor (1984). Antiserum was made by hyperimmunising two rabbits with 1 ml 
of PPRV with a titer of 104 TCID50 (50% tissue culture infective dose) per ml 
was given at weekly intervals for 4 weeks. The animals were bled 7 days after 
the last injection and the hyperimmune serum was collected and used in AGID 
test and immunoperoxidase staining technique. 
2-2-2 Preparation of Antigens for AGID test:  
Equal volumes of suspected antigens (from fluids of allantoic, amniotic, 
yolk and embryo homogenate) and suspension of sodium dodecyle sulphate 
(SDS) 1% were added.  
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2-2-3 Passages of PPRV in Cell Culture: 
 Two passages of PPRV were made from the vaccine and passage two was 
used as working stock. The latter was used to cultivate PPRV at different 
temperature degrees.  
  The growth medium (appendix I) was removed from the semi confluent 
flask of Vero cells and the cell briefly washed with sterile PD (appendix III). 
Three ml of trypsin and versin solution (appendix I) were added and the flask 
incubated at 37˚C until cells flew freely when the flask was tilted. Few drops of 
calf serum (appendix II) were added to stop the action of trypsin and versin and 
the suspension was centrifuged at 1000 rpm for 5 minutes. The supernatant was 
poured out and the pelleted cells were resuspended in 10 ml of growth medium 
and mixed well by pipetting. The suspension was diluted in growth medium and 
distributed in tissue culture flasks and then incubated at 37˚C. After 24 hrs the 
media was poured off from one flask and the flask inoculated by one ml of the 
PPRV .The flask was incubated for two hours at 37˚C for virus adsorption; the 
flask was refed with maintenance medium and incubated at 37˚C. After nine 
days the cells were harvested and marked as passage one. One ml was taken 
from passage one and inoculated in semi confluent flask of Vero cell to make 
passage two by the same method.  
2-2-4 Experimental Design: 
2-2-4-1 Inoculation of PPRV in Embryonated hen′s eggs:   
Eggs were incubated in egg incubator at 37˚C and relative humidity of 
60-65%, and inoculated by allantoic, amniotic, chorioalluntoic and yolk sac 
routes, at the age of 9-11, 9-11, 11-13 and five day old respectively. 
Embryonated hen′s eggs were candled before inoculation to check for embryo 
viability. 
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2-2-4-1-1 Inoculation by Allantoic route:    
  The air sac was marked and a cross was made about 2mm over it with a 
pencil. Eggs were then swabbed with 70% alcohol and a pore was made at the 
cross. Eggs were then inoculated by the allantoic route with sterile disposable 
1ml syringes. Four eggs were inoculated by the virus suspension at the rate of 
0.2 ml of the inoculum per egg. One egg was left uninoculated as negative 
control and then the eggs were sealed with paraffin wax and incubated at 37˚C. 
Eggs were then candled daily to check for embryo death and after five days they 
were placed in the refrigerator to kill embryos by chilling (Mahy and Kangro, 
1996).   
2-2-4-1-2 Inoculation by Amniotic route: 
Four eggs were sterilized by 70% alcohol and placed pointed down and 
small groove was drilled in the blunt end of the egg. An area towards the 
pointed end of the egg above the embryo and free of blood vessels was marked 
without damaging the chorioallantoic membrane. At the point of the mark 0.2 
ml of virus suspension was injected using an insulin syringe into the amniotic 
sac through the groove. The groove was sealed by paraffin wax and the eggs 
were incubated in egg incubator at 37˚C. One egg was left uninoculated as 
negative control. Eggs were then candled daily to check for embryo death and 
after five days eggs were placed in the refrigerator to kill embryos by chilling 
(Mahy and Kangro, 1996).   
2-2-4-1-3 Inoculation by Chorioallantoic membrane (CAM) route: 
Four eggs were inoculated on the CAM. The eggs were swabbed by 70% 
alcohol and a hole was made through the shell at the air sac by a pointed punch 
and another hole on the top of the egg just to penetrate the shell and shell 
membrane. The dropping of the membrane was verified in a dark room by 
candling, and then a rubber bulb was placed over the hole in the air sac to 
40 
 
slowly aspirate the air from the air sac by releasing pressure on the deflated 
bulb. The suction caused false air cell to form in the area of the second hole. To 
deliver the inoculums on the CAM, the tip of 1m needle was inserted just within 
the shell and 0.2 ml of the sample was inoculated into embryonated eggs. The 
hole was sealed by wax and the eggs were incubated in egg incubator 37˚C. One 
egg was left without inoculation to serve as negative control. Eggs were then 
candled daily to check for embryo death, and after five days eggs were placed in 
the refrigerator to kill embryos by chilling (Mahy and Kangro, 1996).   
 2-2-4-1-4 Inoculation by Yolk sac route: 
Four eggs were inoculated in yolk sac. The eggs were swabbed by 70% 
alcohol and the air sac was marked by a pencil and in the top of the egg a mark 
was done and drilled. By one inch needle virus suspension was inoculated after 
sucking small amount of yolk to ensure the position of inoculation. The groove 
was sealed by wax and the eggs were incubated in egg incubator at 37˚C for five 
days. One egg was left without inoculation to serve as negative control. Eggs 
were then candled daily to check for embryo death, and after five days eggs 
were placed in the refrigerator to kill embryos by chilling. 
2-2-4-2 Fluids Harvest of the Inoculated eggs: 
Eggs were removed from the refrigerator, disinfected using 70% alcohol 
and then the shell over the air sacs were removed using sterile forceps and the 
CAMs were ruptured. Amniotic and allantoic fluids were then aspirated with 
sterile disposable 5ml syringe into sterile bijou bottles. Embryos were examined 
for hemorrhage, edema, and other lesions. Embryos were collected and 
homogenized using sterile mortar and pestle with the aid of sterile sand and 
normal saline (appendix III). A 20% suspension (w/v) was made and then 
centrifuged at 1000 rpm for 10 minutes. Supernatant fluids were collected into 
sterile bottles and then treated with antibiotics (250 i.u of penicillin and 250 mg 
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of streptomycin per ml and 5mg/ml of fungizon) then they were left for ½ hour 
at room temperature and then stored at -20˚C. 
2-2-4-3 Harvest of the chorioallantoic membrane (CAM):    
After 5 days incubation all inoculated eggs were taken from the refrigerator. 
Then the shells were disinfected on the blunt ends of the eggs with 70% alcohol, 
the blunt end of the egg was cracked off by sterile scissor and forceps. The 
CAMs were removed and placed in a petri dish and examined for pock lesion 
formation and/or any other lesions.  
2-2-4-4 Detection of PPR antigens from egg fluids: 
2-2-4-4-1 Procedure of Agar gel immunodiffusion (AGID) test: 
The AGID test was used for identification of the virus in allantoic, 
amniotic, yolk and embryo homogenates. Holes were cut in a circular pattern 
with an iron cutter. Each circle contains six outer wells and a central one. 
Control PPR antigens were placed and the suspected antigens were distributed 
clock wise in peripheral wells. The PPR hyperimmune sera were distributed in 
the central wells. The gels were then placed in humidity chamber at room 
temperature for 24-48 hours. The test was then read against the illuminator 
chamber. Clear precipitin lines were recorded as positive results. 
2-2-4-5 Effect of Different Temperature Degrees on the Growth of PPRV 
on Vero cells: 
This experiment was performed according to the method of Ogura et al 
(1990) with some modifications. 
PPRV was grown in 35˚C, 37˚C and 39˚C to compare different titers in 
different times. 
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 For propagation of PPRV at different temperature degrees, three of cell 
culture tubes of semi confluent Vero cells were prepared for each incubation 
temperature at 35ºC, 37ºC and 39ºC. Media were discarded and the cell culture 
tubes were inoculated by 0.2 ml virus containing 106.62 CCID50/ml per tube and 
then incubated for 2 hour at 37ºC for virus adsorption. Then the cell culture 
tubes were refed by 2 ml maintenance medium of Dulbecco Modified Essential 
Medium (DMEM) and returned to the incubator. 
One cell culture tube from each incubation time (48, 72 and 96 hour post 
inoculation) was harvested after freezing and thawing three times. 
The above procedure was repeated for the other temperature variables of 
35ºC and 39ºC; all the inoculated viruses were titrated for comparison.  
2-2-4-6 Titration of Virus Infectivity in cell culture: 
 This method was used to titrate the virus stock and to titrate the virus 
incubated at different temperature degrees. The medium was poured off from 96 
tissue culture plates. Ten folds dilution of the PPR virus was made starting with 
10-1 to 10-9 and virus dilution was labeled 10-3 through 10-6 (5 wells per 
dilution). Last wells were labeled as uninfected controls.  
With sterile technique, 0.1 ml of each virus dilution was inoculated into 
the tissue culture wells beginning at the most diluted (10-9) and working toward 
the most concentrated level of virus. 
The plate was incubated at 37°C for 5-9 days. All wells were checked for 
CPE. 
2-2-4-7 Immunoperoxidase staining technique: 
This test was done for virus harvested from eggs and for cell culture after 
CPE development. The smears from egg fluids and infected Vero cells grown in 
glass cover slip were fixed with absolute methanol for five minutes at –10˚C 
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and the specimens were washed three times with deionized distilled water for a 
total time of 10 minutes. 
The specimens were placed in 10 % normal serum (appendix V) for 45 
minutes at room temperature in humidity chamber to prevent air-drying. 
Specimens were placed horizontally on leveled bar on humidity chamber, 
they were covered with three to four drops of primary antibody (appendix V) 
and incubated for 30 minutes at room temperature and the lid of humidity 
chamber was tightly sealed to prevent drying of the specimen. 
Specimens were washed with PB (appendix V) for three times, and 
excess PB was poured off gently and they were then flood twice with 10% 
normal serum for 10 min, and washed with PBS three times, and excess fluids 
were gently discarded. 
Specimens were covered with three to four drops of horse radish 
peroxidase conjugated secondary antibody for 30 min at room temperature in 
humidity chamber, and washed three times with PB and excess fluid gently 
discarded. 
Specimens were covered with horse radish peroxidase substrate for 15 
min at room temperature in humidity chamber and the lid was tightly sealed to 
prevent air-drying of the specimens. Specimens were washed with PB and 
counter stained with hematoxylin for one min at room temperature and washed 
with deionized distilled water, and examined under a light microscope. 
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CHPTER THREE 
RESULTS 
3-1 Titration of virus infectivity of PPRV working stock: 
The result of titration of PPRV strain Nig. 75/1 using Vero cells showed 
that the cell culture infective dose 50 % was 106.62CCID5o / ml (Table 1). 
3-2 Inoculation of PPRV in Embryonated hen′s eggs: 
The PPRV was grown in embryonated hen′s eggs when the virus was 
inoculated by the four different routes in the two passages except in passage one 
in allantoic cavity. The virus was grown without any changes in embryos and 
CAMs (Tables 3, 4).  
3-3 Agar gel immunodiffusion (AGID) test: 
Lines of precipitation developed between the suspected samples 
(peripheral wells, 3 and 5) and PPR hyper immune serum (central well) (Fig. 1). 
3-4 Titration of PPRV infectivity under different Temperature degrees: 
The PPRV strain Nig. 75/1 was cultivated in Vero cells. The CPE of 
PPRV was characterized mostly by cell rounding, syncytial formation and 
plaque formation (Fig 2). All harvests of PPRV which were propagated under 
different temperature variations were titrated in Vero cell to determine the 
CCID50/ml.  According to Reed and Muench method, the highest viral titre was 
at 37°C (Table 2) (Fig.3). 
3-5 Immunoperoxidase test for Egg and cell culture fluids: 
 Immunoperoxidase test for PPR virus that was inoculated in amniotic 
fluids (Fig. 5) and in Vero cells (Fig. 7) gave positive results seen as brown foci. 
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Table 1: Calculation of the CCID50% of PPRV: 
 
 
Dilution 
of virus 
 
No. of 
Cultures 
Showing 
CPE/No. 
Inoculated 
 
 
Cumulative 
No. 
Infected 
 
 
Cumulative 
No. Not 
Infected 
 
 
Ratio 
 
Percentage%
10-4 5/5 11 0 11/11 100 
10-5 5/5 6 0 6/6 100 
10-6 1/5 1 4 1/5 20 
10-7 0/5 0 9 0/9 0 
The results were analyzed according to the Reed and Munch (1938) 
method: 
   Infectivity above 50% - 50%  
Infectivity above 50% - Infectivity below 50%           = proportional distance 
100-50        =   50   =   0.62 
100-20             80 
CCID50= (log dilution above 50%) + (proportional distance ×log dilution 
factor) = 5+ (0.62×1) = 5.62  
The CCID50 =10 6.62/ml. 
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Table 2: Growth of different harvests of passage one PPRV on 
embryonated hen′s eggs.  
Harvest 
 
Route of 
inoculation       
 
Allantoic fluid
 
Amniotic 
fluid 
 
Yolk 
 
Embryo 
Allantoic 
cavity 
_ + _ + 
Amniotic 
cavity 
+ + _ + 
yolk ? ? + ? 
CAM + + + + 
* +: Positive result in AGID test. 
* _: Negative result in AGID test. 
*?: Inaccurate result in AGID test. 
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Table 3: Growth of different harvests of passage two PPRV on 
embryonated hen′s eggs. 
Harvest 
 
Route of 
inoculation       
 
Allantoic fluid 
 
Amniotic fluid 
 
Yolk 
 
Embryo 
Allantoic 
cavity 
+ + _ + 
Amniotic 
cavity 
+ + _ + 
Yolk ? ? + ? 
CAM + + + + 
* +: positive result in AGID test. 
* _: negative result in AGID test. 
* ?: inaccurate result in AGID test. 
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Table 4: Virus titer of PPRV inoculated onto Vero cell culture and 
incubated at different temperature degrees.   
 
 
35°C 37°C 39°C 
48 hrs 102.5 103.5 101.8 
72 hrs 104.27 105 0 
96 hrs 105 105.55 0 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Temperatur
Time post inoculation 
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                    5  6 
                    4                    1  
                   3      2 
 
 
 
Fig. 1: Arrangement of suspected antigens in peripheral wells (3, 5), 
control positive (1) and hyper immune serum (central well); white lines 
present positive results to AGID test.  
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       Fig. 2: CPE of PPRV on confluent Vero cells at 37°C after seven days,        
plaque formation (arrow). 
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Fig. 3: Titration of PPRV after growing the virus under different 
temperature degrees. 
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Fig. 4: Negative control of immunoperoxidase test for Amniotic fluid. 
 
Fig. 5: Photomicrograph of PPRV in Amniotic fluid, brown foci present 
positive immunoperoxidase staining, x1000. 
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Fig .6: Negative result of immunoperoxidase test in Vero cell line. 
 
Fig. 7: Photomicrograph of PPRV in Vero cell line, brown foci 
present positive immunoperoxidase staining, x1000. 
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CHAPTER FOUR 
DISCUSSION 
The PPRV can grow well in cell cultures on many types of cells (Gilbert 
and Monier, 1962) but there is no data available on how to grow PPRV in 
embryonated chicken eggs. Search of literature revealed that no report was 
published on growth of PPRV in embryonated eggs. 
In this study we tried to cultivate a vaccine strain of PPRV in chick 
embryos. This was done by different routes of inoculation commonly applied to 
isolate and propagate viruses in this system. 
The results of this study indicated that the PPRV grew in embryonated 
chicken eggs. This is based on detection of PPR antigens in egg fluids, embryo 
tissues and membranes using AGID and immunoperoxidase tests.   
The virus was inoculated by allantoic, amniotic, CAM, yolk sac and 
embryo tissues and harvests of these fluids and tissues were tested by AGID 
test. Allantoic fluids from all routes except by yolk sac route gave positive 
results in AGID test. When the virus was inoculated by the allantoic route the 
allantoic fluid gave negative results in passage one. 
The virus grew in amniotic fluids when it was inoculated by allantoic, 
amniotic and CAM routes.  That might be due to the virus tropism to the 
amniotic membrane; the measles virus which belongs to the same family grew 
in amniotic cavity (Dubreuil et al., 1977). 
Burnet and Stanly (1956) reported that rinderpest virus can be adapted to 
grow in embryonated eggs.      
The virus did not grow in yolk when the embryonated eggs were 
inoculated by allantoic and amniotic routes. When inoculated by the CAM route 
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it gave positive results.  The virus may be transmitted by blood stream because 
CAM is a highly vascular membrane which is used to distribute the gases and 
the calcium to all egg parts (Leng et al., 2004). The yolk became pale and gave 
different result in AGID test when the virus was inoculated by yolk sac route. 
The embryos and CAMs showed no lesions, when eggs were inoculated 
by the four different routes. Contrary to this finding, Canine distemper virus 
which is closely related to the PPRV produces lesions on CAM after several 
passages (Zheng and Chiang, 2006). The virus may need more passages and 
times to be adapted in CAM. Growths of PPRV in chick embryo described in 
this study represent the first report of its kind.  
The inoculation of an embryonated chicken egg is the most convenient 
method to produce many viral vaccines, such as those for measles and mumps, 
without confronting the tissue culture problems. Nevertheless, these vaccines 
are just as potent as tissue culture-producing vaccines and recombinant 
vaccines.  
The production of PPR vaccine is currently done by the propagation of 
the virus in cell culture. Our findings indicated that the PPRV can be propagated 
in embryonated chicken eggs. This will open the door for using this simple 
system for the isolation and vaccine production. 
The growth of PPRV in cell culture can be detected by the cytopathic 
effect which consists of cell rounding, syncytial formation and eventually the 
detachment of cells from cell sheet. 
This study reported that the elevation of incubation temperature from 
35°C to 37°C led to an increase of virus yield which was expressed as titer by 
CCID50/ml. The viral titer at 35°C was 102.5,10 4.27 and 105 when the virus was 
cultivated at 48, 72 and 96 hrs, respectively.  
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After the rise of the incubation temperature to 37°C, the viral titer gave a 
higher titer than at 35°C at the same times: 103.5, 105 and 105.55 at 48, 72 and 96 
hrs, respectively; this increase in virus yield is due to the presence of the 
optimum temperature of cell cultures (37°C). 
The elevation of the culture temperature from 37°C to 39°C, on the other 
hand, led to a decrease in the viral yield; the virus is killed between 1-3 days 
when kept at 37°C (Scott, 1955). Due to loss of virus infectivity, cultivation of 
the virus at 39°C for 24 hrs gave a titer of 101.8 which was the only viral growth 
detected at this temperature. Some other related viruses grew in 39°C, such as 
measles virus (Ogura et al., 1990).The growth of PPRV in Vero cells was 
confirmed by the immunoperoxidase staining technique (Bundza et al., 1988). 
Using the results of the present study, it can be concluded that the PPRV 
can, in fact, grow better and give a higher titer in 37°C than 35°C and 39°C. 
The immunoperoxidase test was used in this study to confirm virus 
growth in embryonated eggs and cell culture. Results supported and confirmed 
virus growth detected by AGID which is not as sensitive as immunoperoxidase 
test. 
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Conclusions: 
It is concluded that the: 
1-  PPRV grows well in allantoic and amniotic membranes of chicken 
embryonated eggs. 
2- PPRV produces no lesions in inoculated embryos and CAMs. 
3- PPRV is unable to grow in yolk sacs. 
4- Growth of PPRV in Vero cell culture is affected by the incubation 
temperature. 
5- Viral titer increases when culture temperature is elevated from 35oC to 
37oC. 
6- Viral titer decreases when the incubation temperature reaches 39oC. 
7- Immunoperoxidase staining technique is more sensitive than the 
AGID test. 
 
Recommendations: 
1- The isolation of PPRV using embryonated eggs can be an alternative 
method particularly in laboratories lacking cell culture facilities. 
2- Further studies should be carried out to determine virus titer after 
growth of PPR virus in embryonated eggs. 
3- Attempts should be made at producing PPR vaccine in embryonated 
eggs 
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Appendices 
Appendix (I) 
Preparation of Solutions and Cell Culture Media 
1. Cell Culture Medium:- 
Eagle’s minimum essential medium in either Earle’s or Hanks’ (HBSS) 
balanced salt solution and containing heat-inactivated (56°C for 30 minutes) 
fetal bovine serum (FBS). 
Growth medium is used for the rapid proliferation of cells and usually 
contains FBS at a final concentration of 7.5 to 10.0%. Maintenance medium 
contains only 2% FBS and is used to maintain the cells in a steady state of slow 
metabolic activity. 
Outgrowth and maintenance media were prepared as shown below:-                       
Medium/ liter  
Stock solutions Outgrowth Maintenance 
DMEM 200ml  200 ml 
Lactalbumin hydroysate 25 ml  25 ml 
Yeast extracts (1%) 25 ml 25 ml 
Sodium bicarbonate (7.5%) 7.5 ml 10 ml 
Penicillin –streptomycin solution 1 ml 1 ml 
Fungizon (5000ug/ml)  1 ml - 
DDW to 1L to 1L 
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Tryptose phosphate broth (TPB) 50 ml 50 ml 
Bovine serum 100 ml 20 ml 
 
2. Media Additives:- 
2.1 Tryptose Phosphate Broth (TPB):- 
Three grams of TPB powder were dissolved in 100 ml DDW, sterilized 
by autoclaving at 121ºC for 10 min and stored at 4ºC. 
2. 2 Lactalbumin hydrolysate:- 
Five grams of Lactalbumin powder were dissolved in 100 ml of DDW, 
sterilized by autoclaving at 121ºC for 10 min and stored at 4ºC. 
2. 3  1% Yeast extract solution:-  
One gram of yeast extract powder was dissolved in 100 ml of DDW, 
autoclaved at 121ºC for 10 min and stored at 4ºC. 
2. 4  7.5% Sodium bicarbonate solution (Na HCO3):-  
Seven and half grams of NaHCO3 were dissolved in 100 ml DDW and 
autoclaved at 121ºC for 10 min and stored at 4ºC.  
Appendix (II) 
Medium and Solulions required in cell culture 
1.  Thioglycolate medium:- 
Twenty-nine and half grams of thioglycolate medium were dissolved in 
100 ml of DDW, dispensed in bijou bottles and autoclaved at 121ºC for 10 min 
and stored at 4ºC. 
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2. Preparation of Stock Trypsin (2.5%):-  
2.5 grams of trypsin (Gibcol td UK1: 250 Usp Grade) were dissolved in 
100 ml of PD, filtered through What Mann filter and stored at -20°C. 
 3.  Preparation of Stock Versin (5%):- 
Five grams of versin powder were dissolved in 100 ml PD, autoclaved at 
121°C for 15 minutes.                                                             
4.  Trypsin Versin Solution (T.V):- 
To prepare 100 
Trypsin (2.5%)                                                          6.0 ml   
Versin (5%)                                                              4.0 ml 
Phosphate                                                                  90 ml 
Several drops of phenol red (0.2%) were added and the pH adjusted by 
IM NaOH until the colour is faint pink (slightly alkaline). 
5. Calves serum:- 
Calves were bled from the jugular vein. The whole blood was left 
overnight at room temperature. The separated serum was centrifuged at 2000 
rpm for 10 minutes, and then filtered through a Seitz filter under negative 
pressure. The filtrate was passed through a Millipore filter (0.22 µ) under 
positive pressure and then tested for sterility by culturing on Thioglycolate 
medium in two vials, one of them was incubated at 37ºC and another one at 
room temperature for two days. Then the sterile serum was kept at -20ºC. 
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Appendix (III) 
Buffers 
 1.  Phosphate Buffer Saline (PBS): 
To prepare 2 litres 
 -  Solution A 
KCl                                                                           0.4 gm       
NaCl                                                                         16.0 gm 
Na2 HPO4                                                                 2.0 gm  
KH2 PO4                                                                    0.4 g             
DDW                                                                        1000 ml 
-  Solution B 
MgCl2                                                                        0.2 gm 
DDW                                                                        200 ml 
-Solution C 
CaCl2                                                                         0.26g 
DDW                                                                        200 ml  
Autoclave cool and add A to B then C. Complete to 2000 ml with DDW. 
2.  Normal Saline (NS):- 
 Stock solution of 0.85% (W/V) NaCl was prepared in DDW and 
autoclaved at 121°C for 20 minutes. 
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3.  Phosphate diluent (PD):- 
 Solution A of PBS was completed to 2 litres with DDW, then 
autoclaved and cooled before antibiotics were added. 
 4.  Sodium Hydroxide Solution:- 
NaOH                                                                         45 gm 
DW                                                                            300              
 
Appendix (IV) 
Antibiotics 
 1.  Penicillin-Streptomycin Solution:- 
 One gram of streptomycin powder and the contents of 2 vials of 
penicillin (1000000 IU/vial) were dissolved in 10 ml of sterile deionized 
distilled water (DDW) to give solution contained 100 mg streptomycin and 
200000 IU penicillin per ml. The solution was kept at -20ºC. 
2.  Kanamycin Solution:- 
One gram of kanamycin powder (equivalent to 700000 IU) was dissolved 
in 13.3 ml of sterile DDW to give a concentration of 52500 U/ml and kept at -
20ºC. 
3.  Fungizon Solution:- 
The content of one vial of fungizon (50000 µg) was dissolved in 10 ml of 
sterile DDW and kept at 4ºC. 
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4.  Mycostatin Solution:- 
The content of one vial of mycostatin (50000 µg) was dissolved in 10 ml 
of sterile DDW and kept at 4ºC. 
Appendix (V) 
Immunoperoxidase staining technique 
1. 0.1M phosphate buffer (PB), pH 7.8:- 
Sodium phosphate (NaH2PO4.H2O)                              52.4g 
Deionized water to final volume                                      3.8L 
Adjust pH to 7.8 
2. Primary Antibody:- 
Primary Antibody was diluted 1:2 in PB. 
3. 10% Normal serum:- 
Deactivate serum by placed it in 56ºC in water bath for 30 min. 
Deactivated serum                                                       50ml 
PB                                                                               450ml 
4. Conjugate:- 
It was diluted by adding 4 µl of conjugate to 4 ml PB. 
5. Fixative:- 
100% methanol. 
  
  
